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Abstract 


The semiconductor device has a substrate structure (4) with a power semiconductor element (1) 
sandwiched between a pair of heat conductive plates (2,3). The plates fit into a channel (72) provided 
by a pair of cooperating heat sink elements (5,7). A clamping device (6,8) secures the substrate 
structure between the cooperating heat sink elements. 
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«Plci5RlMft««)5rt^-C#, *t£, SKUS^lcfc* 
jSjS&ljft (2, 3, 5, 7) t Ofe&gffifc&tt LT, 

^ u^UT?ikf»ttftffl|fii-x?# 3„ 
[0 0 2 0] 8S*«1 SlE^O^^JdjSVNTtt, 

^ffm^ (i) ^ttttu^ftcan?- (i) 
5^ftife^-r5fc«)<oscf8ift (7) k^t, *m#m 

(i) tttt*BffifcK*tfle>»tt (7ia) ft, 
tLfc:i ft#»t lx*j •? , n cospaffigB^-ft^s^ 
wmmk-mtz, mts^ («^lh, ^-^w^-m*?) 

[0 0 2 1] tit, RMl 4!i^L2 4fa&CDS§9§ 
tt, it**l 2|S®<0«#«-^oVn-C, XldftfftLfcJS 

#k*m#m*ktx, mm. i Em&m*&m%tTz>i&®L 

■f-i 5 K»?&ig8ft;igj£u-t;^.5as, »SM4ftaS«>5fc 
fefctt, »cl»fti:«S8kSStO«*tt^*S-efc-5. £ 

[0022] s;f^e^ttft*-r.5«-&«-t urii 
sis, m^«i4ft«i»-rsfc«><otw-c*>5o 

f±, — «dt3j?^fv'«Jli^iBr«OAg7^7ft®-g'Ufc 

^-^ ^*fctt^«^4«*fflft?&^p«■^cfflv^fc^&^•, » 

ro^^y^lU *)%*-r5S8Wlci 

K*«t, tmwknm^Rk<r>m^ittE\.xm^nmm 

[0 0 2 3] gp*,, IS**1 4|E^(0^t::^VN-rtt, 
^fl:*^ (1) ft«@-f-S*&&£« (2, 3) fcSHilJ 

mmzthtcftmft (5, 7) ft^ix^^ft^iat^v^ 

T, &m&& (2, 3) tijtSRflc (5, 7) t^MIC, 

MIM4a»o*«t«fe«r*-r»«Jl«- (9 a) xw»«rjfitt 

(9a) Klrt&d*LfeiMB$ttt4>5&*f Ob) d^b* 
■5«*«- (9) ^«E$4xTV^5r tft#«t LTV^ 

[o o 2 4] -e^jciox, *e&s« (2, 3) tikisa 

ft (5, 7) t©af»*BBfcj8V»-C» (9) <Oft 

fe»C«tt), §9*«1 2f5ia03gKi:^<0^ai*ft# 

(9 a) ft, |»jft*l 5Ctto«noJ: ptc, 5^tt^jjs 

lOMPaKT, ff^KllO. IMP a&LT<0®mit 
tt«fflgTfo5rtASff*L<, (9 b) tt, IS* 



(6) 



#($2000-91485 ( P 2000-9: 



>S1 6f5^^SSrfflV5r tiS#*LV\ „ 
[0 0 2 5] It3ft«l 7fZ&<D&m-Vti, ga-g-M 

Zfrb. #fJf§*t (9a) ^^<t<3ES*-fr5ri:AST? 

^ttsr(6]±-c#^„ i 8 w.m<o&m 

©«fc5K> SB-S-fl- (9b) «^OSt^as^Lfct> 
COtLTt, SfJJl*f (9 a) ^<Oftm&%)m<Og:^i><0 

[0 0 2 6] f»#«l 9fcV>Lf»#iS2 2ffi^O 

3§9!Fi, ^rn^ix. (9 b) (OA^W^SSrti^ 

«■ Ob) sr. mM&*Lt£mm&moitif;i> v<t3.* * 

is=.t L-1tm^mi 9lE&£>ffi-g-» (9 b) IcSJ^T, 

3) btk&& (5, 7) fcicfcu rco|$jt^r[pj^^ 

[0 0 2 7] M^, fit** 2 4ie®<0*WtC±tb«, IS 

Oa) w^ffii^^tas^fc^ffi-c, mmtt o) & 

(2, 3) fcJfcSSStt (5, 7) fc»W^ft$ 
■er^J; 5{-UTV^5^b, (2, 3) 

(5, 7) £»cgrr5^«ffi#BK*^-c, «fcfej> 5 $i!5 

[0 0 2 8] S:*^ ifBLfcfiiairtW^B:, 
[0 0 2 9] 

[0030] si tzfrmmmmz&z^m&mw. ( i g 
b t^Vzl-su) ioo <omm^im^.^-r~^m 

0 2B01(DA^S0, 0 3tt0 2<£>B-BBrffi0, 0 
4IJ03 §rgB#i£*: LfcBrn50-e*>-5<, l o 

1 <B&* ^tt«gc{@cD¥Sg#:ijf^- l Sri*AyT?£«# 4 £ 

•y^ 7KffiffiL-Cfc*„ £ESH3\ 8 -5 r 

bKX*>nt>fvi 0 rr-C, 03i:^tSC, £tt#4 

[0 0 3 1] £&<Dmm\Z.-o^X&'<Zo zz. 

•c, 05 (a) x (b) »c, &tiu*4<ogtmm&.&7a 

•f„ 0 5lC:|3l^T. (a) tt^^SR^f- 1 XtF&&S« 

2 (04 «K £<KJ) (b) tt*fi&£«3 (04 



IGBTf^yiaMFWD (77^*^-^^* 
-K) fy7lbi>?,45„ w^r. Mf^lad, 
H:SK-3*Slt£&«:fT>5: 5 -< >-^— *K:joft.5£^3H=-$ r 

[oo32] &&&& 2 , 3 mmxm&&& &m 

XtiSi^m, fgje^fi09x.tf. iSftl 7 0W/mK) X 
£>!K ¥^#3ST- ITifc 5=8-^5/ :t"1 a, lbcDpEjffiS: 
&/uT?^-5. 8-&«2, 3«CTx:tf^-fbr>'i'5 = ! >A^ 
A»e>fc5„ *i\ lft&S«2co^#ig^i £#trtB3<D 

ffi, IP*>rtffi2 a Klfi, 0 5 (a) f|@X 

^X^S^-AS?^** (flJxtfff^aso. 5 m 
mgfgW««-) A^«j«Stb-Cj3t). ffi2 a KtfJittflK 

[0033] r:T, — ^2 1 <£>Jg:t£l;io^T 

t&9i-r3„ ig/^-y2 lu, is (a) fcTF-ru 

ft*^OS«SB 2 1 a t , r. £>£«SB 2 1 a <O0 5 
(a) *±M8gBIC±*|C(6i(tT^$tl,-Cilft^S«2A» 

hti^-m\,ti^mmmmmm<o^n2 1 b 

$tVXV^„ me>Pfg62 1a, 2 1 b tt— WT&f&iStl 

[00 34] ig/^->-2 10l«iS2 1a|CB % I 
GBTfyT'laWFWDf 5'7 , lbiS55#ft (M 

laCDaV^^a® (0^*-f) J>SS«g62 1 a fC^>5 

tFWDfy/ibcsiits (0^-e-f) &mmm 

2 1 a^^>5«- (09xtf^ffl«-) &ftVX&-&£tLX^ 
[0 0 3 5] jJcJC, ^S«3 0^^3'7'Srfe«Etf<W 

ros, ip*>^®3 a infa, 05 (b) tc^-r^nr, mm 

^-V3 1. 3 2iSE^*iX-CV^o ig^^-y3 
1, 3211, m>T/VS-!7Aa?<D«$f (Mx.UJ?^5ii 
0. Smmi$OS#) *»P)*J5g*n-C*Jl9, S3alC 

*.?izm&.Lxi>&i<\ 

[0 0 3 6] r^T, *-f, ig/<^-V3 KO^^Ji 

ov^Ttaw-r^o tg^-ysiH, 05 (b) i'^ 

«^©S«g|J3 1 at, r<OS«SB3 1 a <D 

05 (b) tE±mmz±xKfoi-txm&ztix&m&tii 
3^&ra*ttiLfc^-Si5Sj®«iKffi©ffl^g5 3 lbt^f, 
M^titv^, me>pfgB3 i a , 3ibii- 

ZtlX^Zo 

[00 3 7] tt, S«SB 31b Idtt. &J?mi)i*:ft 
-TS-&S5 3 3Atf3 4AJ^.* (0 5 (b) (CTiBtai 
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^HJLiS^iSittWxtfO. 5mmgg|C|Jf$ 
HTV>5„ *7fc, &-£gB3 4?)^$tt, FWDfyy 
1 b(D*ffi{ffl«@l 1 b &IXI£«LV\K S&tt^'h 

[0 0 3 8)-^ W&^f — >"3 2 »Cfi, ^ (0 5 
(b) ICTiffiffi-hzfr) lctf^T«»SjE*^Sr^-r«-& 
SC3 5j)5^$*XTV^. rc>4§^\ «-&SB3 5<E>;*:£ 
Stt, IGBTf ^7"1 a©y-Mffil 2 a tlil^ 

CIix£>8hg-gB3 3, 34, 3 5fi, ^y^r^y^ 

^^^x^^n-rfct), -^tv^ttfl^^— >-3 
l, 3 2<oiffiic«six:«^5#^f-J:>)a:«Stt)#rtf> 

[0 0 3 9] tLt, Ztlt>m&&3 3, 3 4, 3 5 <D 
-hffil-, ^5*f (09x.Hf, f±A,*?£f) Sr^WJ^^J;!}© 

IGBTf-y7'laCi5y^lglla 
StFy— h€il2a, FWDfyyibWfltil 
1 b ^tH^tl. 3 O^-g-gB 3 2. 3 3, 3 

*. r5LT, £«#4dSJ£j6£;*;fi,5 0 &*J, 
->"2 1, 3 1U, ^:<0«gi5fcl8f-tP>HfcMai5t2 1 

c , 3 i ciz.#vt<onm&mLxtf;\'b < $-emf&®fe-t 

•5 w £: l£ J: 9 , 1^-^2 1, 3 1©5*>, — *Sr^ 
3 211, ^-^VtV^^KJ;!), ^-gB^lHlK^ 
[0 0 4 1] jfcK, 3^5, 6, 7^ffif 1 

o oroft^itici^sa^^ov^T^S. Si", 0 

I^S:^Sr^-r2 0(7>S|Zffi5 a , 5 b t£*cB5 c Srl^og 

[0 0 4 2] ISmzfv*,? 7tt. y &&m<D&tiL&4W*> 

£8B7 a ©sp®7 0 a 4»C>^(l}L6i?l7 0 a fc rai£B 
#£/£i-¥ffi7 o b $:W-f-5^WS5 7 b ta»e> *t 
TV><5„ ifcip^p 7rtSBIitt, Jftglw (09x. 

1**30 tfilSft&BfEK 7 d 1 



[00 4 3] jft&Dftgg 7 d tt, 1 WS?IJ^(6] 

ICKUtS£ttB7 0 d fc, £flEK.7 0 d 7 
brtlcKtFSMflUg7 l d bfrhmfiLZnitm—OXim 

HAD a&ttL 4m0ft&*^:^*$&Bff3*i.T« 

[0 0 4 4] &-&SB7 a fdtt, ^ 5? 8 iS-ff-g- $ *T. 

5*S?5t7 c;dS^j££;»X-CV^ 0 £-£?gg7a<D¥ 
ffi 7 0 a fcK*HHJ«ffi 7 1a tt^ZfiSnt?*) U , iOB 7 
1 a SrStftSi: LT, ^pfcc^-^VA'— Art<E>jgj5f 
*.tf, *~ *<o_h) ic, .^fMHIi o o*s8t»j#rt6, 

[0 0 4 5] Z.<0#ii9zfv yir 7 fc, — * 

ftXttlcJ: 0^$ti5. fc**, ®Jaftgg7 l dco^lfc 
Fi, 0 4 4>©MKlct,TtH^ S«{*:4fi!lw^A5 
±«fc!S7 o d i|iagSfcfc3±5te?&J«LTfc.J:<, -t 

[0 04 6] ^ LT, IS 1 ifcS&^P y^5 (DW-m (Ifcffl 
SBStffaoB) 5 air. Jft^P^a ^ ^ 7 O^ffigS 7 b 
7 0 b ifi, KPlSrgBft-C^-^gBB^tL, z.<nmn\xm 
««c4^#A*tt-CV^5DflgS (fflrASB) 7 2 t Lt«j« 
^^^xv^5. H4-ic9-MKlc, lg 1 JJc^n ^ ^ 

5, XW&Sl^O j/^ 7<D^mSB7 btt % ^i?8StF^ 

UTRJtfctt-CV^-5., ^ti, W8M4SZ&& 

[004 7] *M-crj, m4 tp<o*i?8i>>z>&mn&\z- 
is^xtx. m life^n 5ti, ¥ffi5amxie^a 

«3«0^ffitg^4L, (S^SBSftfeffi) 5b{cxft 
Sl^ci 705S^SB7 a CD¥ffi7 0 a tgf^L, 
5 c^T^2»f»ycr 5 , : 5r 6 O-g^ffi 6 b ig^LT 
^5. *fc, ftS^D yjj' 7tt. ^mS8 7 b 7 0 

b 2 <D*cB t m& L-CV^. 

[0 0 4 8] — 04 «F©^.v'8^5>*ffi3g?^fc43V'> 
-Ctt, S«»4«£fflSgB^i:l^-SS-CfeSfci6 > |gl 
5tt, ¥ffi5 a {CTiffi&S«2<0^-ffii:^ 
fifeb, ¥ffi5 b K T Jfti^cr y^r 7WS-&SB7 a <D5Fffi 
70at«ttU c{CTm2ScSR^n y ^ 6 <0-& 

^ItiJSB 7 b ©Jpgp 7 0b 3 W^ffi t L 

^D^?7tJftlSSfi2, 3trog5fi6#S, XV, ^1 
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[0050] Pb<ia. m 6 »^-t-^{c x iisi^^&iiR 

«-9tt, mum 9 aOtpl-iiEE-g-Wi: L-C<Z>S5f&g3g 
^Sr*-T5S!-&*f (7^7) 9 b Sr. HRe^tt^iiS»a 
fc*fcig5fiHF (50 vo l%£l_h) {cE-g-LfetO-Cfc 
<5. fflltfgaB, lfi»S«2, 3 ttkm^u y* 5R 

[oo5i] *09-ctt, mmitwB&w&mtt 
f4> s-ffc&t^^-cfcffi*!;* mx.t£. 2. 5-5 p) 

-e»ttWlOMPa«T,Jf*L<BO. lMPafit 

— <0|x:|£, 80~160Pa) SrfflV^V>5. 

— E^Sbtt, M (Mx.fi, 

&Sa*5~5 0 /i m£f£ L< tt2 0~5 0 u m<D±%Lm 

0. 4^V>LO. 2, IB-g-Jtl^VvH 3 0>/.M&g8c:R 

[0 0 5 2] ^UT« ^Jg*t9 a T?fe3v'.P n — 
^E-g-«"9 b§:iE-g- Ufc^e^»^«-9«:, ISRSI^Sft 

fi»ic«»i-5o ;ht, mmtts a jlie=s-^ 

tt#®SrKM*<ffi»5i: tic, 9 b fc J; 9 f& 

[0 0 5 3] *LT, JftSJ^P yf 7\Z.m&£tl1t*-/ 

? 5(D^®5 cisifBEsnrvN^,, tm-Act, sri 

<D^mSJ 7 b 7 0b ^filc, 3 (O^® Sr 

JfflEU ¥85 5 a iB&B:£-r-5¥ffi5 b tt, ft^By 
* 7(D£#gB7 a<OJpa5 7 0 a |:ii?ffi£;h<-CV'>a„ io 
■C, S«*4ri, «-*fe»S«2, 3 0H^ffiSr#7'D5' 
*5, 7JCJ:-o-CifEE$n, MSB7 2rtgBlCXfiE»@« 

[0054] :r-c, S«fr4, &i;&ii& 

•fv y? 5. XW&i^ny^w^fcH^btt, 

8 X tfSfc 2 n y ? 6 5r <P<fr c LXtE.£ffim\z.*tW 



[0 0 5 5] d^^fll^SrW-t-S^^S lOOtt, 

<£>¥ffi 5 b AUfi&my o y ;7 7 7 ©¥oB 7 0a 

•5. Sfc, ±j^Lfc^«l^T^$tLfcS«^4 <Z>«-*6 
&&S2, 3 ro^-ffiXVlMlgB 7 2 <0^s 5 a x 70b 

t »«<OS5f?!ie^f?R«-9 Sr^-T 

[0 0 5 6] tU, ftfSST'c 5 ifcip^u ^ 
7<DS-&gB 7<Dqz®7 0 a KtB<„ DflS?7 2tC 

*SVNX, Wffi5a ( 7 0bO?HSr. S«^4<Off*]&l 
-b«JWRS-C§Bf7T*5<o LT, £«#4 £0 4 KTi: 
*d>P>BflSB7 2|c:}fAU Pi^p y* 5 % 7^^(50^ 
-TS„ i^V^•C, %2ik&zft> yt? 6 §T S 7t6at^.^5t 

7ct«s»{£;t5J:5lc, ^SP^d y ^ 7 ici@< 0 
[0 0 5 7] JJclJi, ^.vJsSr, m^x^zm^cf^y 

9 6<n±Jjfrb, ffiK6 a, 7 c i^AbiSgig-rSo r 
Cif, *^8£*fAL-CVK i x ffiikm^v y? 5, 
6^B55c, ebW^^fflJC.tt), g2M7"Py 
* 6ri|gi;6fr£fc:/cj 5©^S5 c lc«io-r#A*fS] 

LJEff fon#S««i:4 £r#JBEU #S«^4 ^[U]g5 7 2 
rtSBJc-C^S-^n 5. 7^EES,@3^j5tt5„ ^5L 

T» 10 0 A*5&f$.-rz 0 

[0 0 5 8] **S, 0 3SO«E|4^-f-eijT?tt, 
^2 1, 3 l{C*5ftSSii5t2 1 c x 3 1 cM 

ikT0 3 SlO^H 4 «P<Oiffi®SE^|fil^^ 0 tii Lfc^>«0 1 
Ltt,6^U <B^«*«ft:4SJv^'iofe^[6]^0 

[0059] ifcic, *ll^fiJgffi<o^^c^ffilc-Dv^•r. 

4ip»^.v?8 A^&fflagR^Sr^St-to-C^^-S,, IGB 
Tf 5/^1 aMFWDf y7l btitniRlJ, I 
GBTf-y7"l aXtfFWDfyyi b ODIgffi (ffegi^ 
«2ffl9) *>b*fiig««2, ^rLT, iffi^S«2^-ffi^fe 
it5!R^g«Stl%«-9$-ST^aJ^P 7<0^ttJgB7 b„ 

[0 0 6 0J Bltl^ IGBTfy7laMFWDf 
7 7"lb <D*ag (iffe&S« 3(83) A» f> 1 16&&« 3 % ^ 

lt, m@L&&3*-ffifrt>m®&mM#9*m-cmi 
b a»6>ifis??ft'e8fcf&$a*f 9 StSt^si^'d s'^ 7<ds-&sb 

7a, HI-ftiSEw— a-^iOMcft 
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[0061] tr^t, *mmmmiz£thf£^ s«#4 

•5. iilcfcvvc, £«#4 t @«g?«-c*>5^^8 t 

[0 0 6 2] r^-C. *^8tt, 7Jd^A 
$nrc{^^^ l St&r/n ^ 5 SrJf A^faKifffi LTJ6 
ip^o-,* 7lc:^$*^^Se«-Cfe!7 > »2M/ 
D S'^6tt, -*v?8»*p AK«fc »>^ti}gfl*fr|6]cB5 a Sr35 
ffigU7 b*j6HcifJELT««^4«r|!{]S8 7 2 KTffiSrr 
3J¥flEg8«-Cifc5 0 fcJb\ 3t«fSB«-t LttJ, S?*§gB*r 
T-&5-*S?8K:{8^;*;ft,jfcv\ > *^c, iffiEg8«-Cfea^ 
2&m7v 6tt % J:»J»f%ttS:|S]±$-arS'<<, 

[0 0 6 3] SfcK, *S51S^ffi-Ctt, ^-SWasjfcl&fls: 
5, 7 K#LT-;frfaa>b*¥AiTtg-T?& 

<OsS§^@ES®7 0 a t^lSlBWDOSB 7 2£gE&K2&5E 

04^*JV^#^U 5, 6, 7ftKfiM^AiCK 

KfU ^«^4<Sr«EffiSil:^r|6]lc«|S:®E3?ij$-e-^- t 

[0 0 6 4] #JSUfi7£fflU;:,fc*i<fi, H^gB^-e, 
8 T-*¥ JE£frfc 5 g«#4 ttDflgB 7 2 K«rA-T 

5fe*ftT^a y s % 7t^*tu-C<5@^$n-5« 

•t-*t>*>02St^^I3 6-C— *J-(D&K#4 5r@5e-C 
£5j&»P>, LTtt6ocSSft:4^3o(i5l2tt 

i^ D ^ 6fttf*s?8-c;iafl-e§:.5o ±ot« *a#i 

[0 0 6 5] Jfcf&fiSJgffiKititf, tf^r/ny^ 

fr4«t;:SiJ^(D^«t»SSgSr^fiELfc!9, #aESfc«SS:ofc 

±. *mmmm\z£tit£, Gmmis 7 d «a<sos 

4 £#l£X.£iflESg 70di 4 ©tfffiiS^ 

fcgtFSfflS68S7 1 dt^t,«|(StW5„ #^lfi»fS 

SE8S7 1 dSrSg-rs^t^T?^, ^W^&ISR^^IiE 

[0 0 6 6] Sfc, #0S2S«®K,fc*itf, S«te4©tf 
SO:, Jft&SEgg 7 d ©fflSSgg 7 1 d Srjffiix^^aEwJcJ: 



yjjr 7tci5r^-T?#^^6>, i££SE5fii?S 7 d $r«-^ 

[0 0 6 7] *U?Jfc}g<8KJ:ntf, 

3 K <fcoTt£^-C&««:4 «r*MSU -*f©*filt«« 
2, S^iif^Djr^s, 7|cttflfc&«£J:5lc 

*l£fis«IIBfc:,fc*u£, Jft^I^D y ^ 7 
^•l^gB(4-C$>^iPffi7 0 a tSSifi©E7 l a Sr.sp 
SiiU ^<Offi7 1 a Sr^gcogtftffii: LTV>a*» 

aMFWDf 7 7-1 bO*t«Bt«gS«2, 3 
*K*'— 8 1, 3 2 t Sr^,5«-«-H:«t Dg^L 

[0 0 6 9] *»*S6«fcl8V>r, 
»*-T5lft»S4Et*femS5*tt«>2-o<oa*tSrtt9o 

~3 0W/mKM, mtt.*V& (ax^) |Jifi4 0W/ 

»^e^^fjji»t| o . 8W/mKg$T*«. 
[0 0 7 0] ±gE2o©S«-m<ojJr?RH4Sra#{^ofc 

^^C0D^-e^^tt*?J 0 . 0 3W/mKtfi^fcftr 
[0 0 7 1] — Sfl-O^SI-fi^ffc+tf ©Bflia 

zzmzmtb^ 2 o©s«-raicKW35S|g^i- 5 r t &t&m 
[0 0 7 2] roi?*^^ ^©jfciRitt^y — 
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i^WfflJtftsiteu mii5A5ai«>iiJ6^<^o 

[0073] tfcfk&JfV-xfiX-J/i'&^-xb 

«^ mnm* 5t tt>^. ane****^. a 
^mra^— h tt$m&m&m 2-3 w/ m k@^t? 
[0074] t$b\c, Ag<D-gmm&mtt\zitti^ m 

Ag7^7^±S:®M$*5^ifasfcS. mmikisitz 

z-t-vit®(ftm< *£?>^#3ci>'ffim <9M4*-c*gp a 

e«) -CA g 7^7(^±Sri*)^-t-5ri:-c, r©S*A 
[0 0 7 5] A g 7W7W^W^SriQ*p$*TVN< b, 

o^«tt^<— ^ h -cr±, a g (D-g^m*: 9 o w t 

LT^S*:*, 2o(D&#-ra-?, au£tf>|cj:3 

[0076] *3g^^tt, i 5 ^iSisseRco^ 

xfc. L*»L, £ O J: 9 U feX-om&if 

!) — x-^^&^r— ^ FHV^ftit+^i'^H^i 



*o. imp *uTv>mmik&wmAs&*Li<\ tox 
[0 078] sit, ztit>mmtt9 a ICS* roga-£-£f 9 

b Srga-g-bfc®*<0#SSr x EI 7 L® 9 tc^-f- 0 
*», r.4xfe#@«P, a lXVa 2fi. flfi 9 ^fr;**!,* 2 

^SI-fkLXti&V^tt^Sr^O^y n— 
ik&<DW&m0 . 1 MP a £AT) t£<£>8fflf$f 9 a Rl, E 

i»9Tfc5 (07 (a) ) . 

[0 0 7 9] #fl§«-9att, f»^t:(j:«t 

[ooso] ±mmxti, ^©ita^ttFi, 

^e^^O«v^JHI^7-< 7 (Ag, Cu4Jf) *t*$r 

itntw&m&m o . 3Pa©->9 =t — >mm mmu) 

5pt&«i@6 W m©«4ftCu7^7 (ffi-a-W) £9 3 
w t %SB-g- L7fc:»-£\ ^g^^l. 3W/mKS:l^tf 

[0 0 8 1] *$l©¥gt*5l^tt, 0 7 

(a) fc^-r83K x $6>i!i, 7 5:il53!S«-r-5fc«) 
^S7-f 7A<OBtM{c/Js@7>f ^ B Sr^feii^-rvN 

fc>a»o*:„ fiaj^tf, ±j£Ufc«»Ji, ¥^^5-5 0 
m£f * L<»20~50/i m (*S7 
-f?) At, Ifitf-AfCttU «!;SJt0. 4 4V^L0. 
2, S-g-ifcl : 14^L1 : 1 3 ©/hSSMfcB^F- (/hS 

[0 0 8 2] iit, rtte,7-<7A, B<D^E«[^ttJ!>C 

*^Sr^fl««T?ff ►)«&»), -?:<oaflSr|¥fi-f-<5„ 7^ 

je^r^T, 0. 2cm3 /cm3 W±$>^^ltift5a 
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[0 0 8 3] r. ~-e N m&#b Lx<D&mt±, HIT 

g, Cu©l Ni, Al> S nttX&m^SZ. b&X 

^-5. *fc, &mvj.ft-x$>'oxt>m®&mt£7'< 

^Z>Z.b&X%Z> 0 

[0 0 8 4] */c. w.&&<n®.+nmyib urs, sfcffc 
7^711, 2 0£oa^K-CSl6l-r-5^i:-e, <J:t)J&S?& 

[oo8 5i ttt?, ^2©^tt % mi<D^mz-jm 
m*>-t-z&mz*s^xmmm-. #o*: 

[0 0 8 6] 07 (b) fcfl)(C^-r^^, ft#U 

m&W (7^7) 9 b OlHl <o SrStStas^ 
£lc*oT^Sfcv* 5 SB-a^t9 b Rflt^BSflfJ 

7 (b) mS:2 0(D^«-Cjf 

^9 bim±iS^feLfc5r i:-C, iiSVN®c|»ttSr^-5^ 

[0 0 8 7] f>^^A/r<D3fc»JCtt N #Mg#9 a 
-TSfttffiav ±f2lgl(0#gtc^LfcJ:5'5:if Sx.ott 
© # 5 ia if * £> v-> t> <o -cfc tttbtffc 

[oo8 8] M3<o^&fa> mmiz.n&-rzmA>b. m. 

^•#9 b^±co»fitSrl^fc*fct><o-CS>5o -kfES&lX 
V^2(D^S-Ctt, S-S-fl- (7o) 9btte*tJb 
9. Wflilc#5.ajc®-g-f--5 r bX* gH£Sr#oJ; ?«-L 



[0 0 8 9] Agffl«7^7 (tfc^P) BU 

■C, &5S«M LfcA g 7^ 7l^±#i« L, r©« 
ffiT?A£S^iStf. *S*iL-c. «Sc©fttroAg7^7 
ds^U^t^S (08 (a) #fig) „ -<d3l?*3:7 

-< 7§rJ8v^l§-S\ 7^7§f$a5.7 9wt%gStfi 
[0 0 9 0] *^3 0#|6<0te©fiajt LT, 

2RBKg^ mm&m%>vxm&-rzzb t>-c#s 0 & 

mteZTF-r (0 8 (b) ) . 
[o o 9 i] &.m7j j r(Dffle>mmt£, mmsts a 

m&tiXMtbbfrX^Z. £P>fci, r©BgF^Sr_hfE^l 

mxMtt>Zb%)%:&Mi<\ ZhK, M^y^t, » 
^7 4 9 Sriffi^fc^-Cffi-g-tt 9 b b UTftfltS t % 

[0092] ^mm^omfiicxnti, mmm ioo 

zl, S^200(im) JC S -kiBAg&fg:^ 7£rE-£" 

[0 0 9 3] i4Cm mm&9 a JCS-g-SttfcBB 

U9b &KStkmm<D-fr&V)b lT2o©S#a lSWa 
2ffl<SrB:^Sie$*5i: 5f-t5. *l4 0fg®S^ 
«-S«-a lXtfa 2©5ia>)-^Dfliat'*@c^Jti£:t? 

t5i7, 7>^E$*5E-^« (TVft'K)) 9b©«tUJ 

[0 0 9 4] ^i©«ajtt, *igcttS:«foS«t-cS) 
I- <fc 0 Stl45:^ori ^-c^ S„ CWJ: 5*^i«ISr. 

tasSStOfc*. £i\ ^.??«-9 a LXMxH^igctt 



(12) 



4#M2000-91485 ( P 2000-9: 



5r2o©s*rwic»5tf (0 8 (c) #Rg) . mm 

*f9ai:LTtt, =f A^lcfe v- !) 3— ~>!) 
[0 0 9 5] «*ftt-ttSr5:x5=?At*«Ctt^*>5fc 
ffl#£1*a lXtfa 2KghJ-S.fc 5Kfc-5 0 ^.<OWmJj 

-fovjRtfjJg, (Cu, Ni, Au, Ag^) , £J 

[0 0 9 6] ££>Ul, 08 (d) KSH-^te, =*Ag&# 

!>§fc:SU &#a lWa 2tW^ttSf5^l-, ^ 
##£-^•5 (0 8 (d) (CT, ?3H§-9 0 bg6;») ®0fiS 

ffw^&ttas m < & < x tMfli** 9 a oSB^as, Stf a 
[0 0 9 7] fclxtf, ^^@#^ifc5f&fcWlit!fe#fJffi-e 

[0 0 9 8] ^2C0Mtt, &**<Z>5*a!3 ^Gflfi-C 

^S{cs%fi^tt<OiSv^f»^ 9 2b «r^ttfce-S-*t9 b 

2o©S#a lMa 2 -C*t*iitf £ fc 
9 1b iS^L, *<omffi<Oik?&m 9 2b £S 
a l&tfa 2fCi[»»-g-r5 (S9 (a) #118) „ 
[0 0 9 9] 4^ 2oWS#a lXVa 2«fflOSgM 
±t)/J^4gOE^9btji)otl), wtbSri^ofct) 

tflfcLTfi, Bfl?iR (80 <0 r^^i?— ^u^j 

«- : jKyrc^xyK ifef&Jl : -y*/\><OWM**im^m 

ofct©) ^Mitt (flc) (Sttr^V 

[0 10 0] |&3<O0tItt, &JR*l§M»>£E-S-#-9 

b £ UfcfjO-c&<5„ ^JS^^ttt. Mv^JKS^lSr 



KLfc»), feSV^ttev^JS^KI^^V'^A^iiiSs-a:, 

(0 9 (b) #R8) „ £*5, ^jS-CH:^<, 

[0101] £P>K. ^4(0^0:, g&#£)l^ 
^Sr^po^JB^^ 7Srffi-&«-9 b t Lfct©-cS)5 0 

t^rt-e, iess-g-ri (09 (c) #hb) „ 

a2-C»Ayfc-S-g- % Sc^DflfiSB^^, Sfl-K»oT3g 
^5 (0 9 (d) #K) . 

[0 10 2] mt>^i~m4»fiaj»j:*L.fc^ 
JbiEm 1-^4 <D#Si-^ Lfc=S-S5l8ie^«c^«- 9 Srig 
fflSd» 6, «Sc^ £ -Br £ lc mfe Z ti5 t O T? tt ^ 

[0103] og 2 nmrnm) 010 2 n 

16^ffi»::«5^^e 10 0 ZTF-r. *«^4 
tt, Jbfe^lHJ£^ffii:l^— efcsas, 01 Of. 16^ 

Sffi2 x 3 a»f>ri*ttiLfc«®^*— >2 1 , 3ifi^ 

B&L-C&S, 01Otp, Jbta^lUlfe^flii:^— 

[0104] 010 (c^-r^lt', ^HJfi^fli-cfi, 

T'd y i? 7 JCiSV-C, 7 a 7 0a d»£>P!— 

SI?3-^<D2ocD^ffig8 7 b SrJg^LT 

5rBE»H^i-51#3g-Cfc5„ 7 b B\ JifE^ l 

^Sfi)gfl8l^«^, ¥S7 0 a ir(SI3:B::fc£/£-f-¥a5 7 0 
bSr*-r5*s, S-&S6 7 al^<{^*t*<^or43 
!K wW^ffi7 o b fcR*MMtt*tffi7 3Sr1»^L-CVN 
5„ •€" Lt, #5gffiS5 7 bfirtg5^giJa5!S7 l bSrWt" 

[0105] *7t, *Hife^fl§-Ctt. ^ 1 »f^ya ;/ ^ 

5 <omvt&±%im i t tt&fc -5„ 010 tc^-r 

(^ffiSS^ffi) 5 a k&m^v yir 7 <D— {RJ (010 
KT£{BJ) 7 b roFfl^DflgiS 7 2 £fl?fifci--3 rttt 

13— U*»L, ft^lT'ci 7 t<Om&&mi37 
aT«:^< > teffiS (01 0»CT^<B!l) ^ffig8 7bW^ffi 
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(¥i5aigjtfl)oi) 5 3ta x mm^mm b 
[0 10 6] *HJS^ffi-cr4, ±fEmiHi£^® 

5. *i?X7 c fiteflSSfcttigB 7 b i«jnt^ 

5. SPtegM* 1 4 tt, -SgfiHSr^v?8ICJ;oX<&iai??ttJ 
SS7 btc@^$n>f«Ft,«®i:^5„ -tLT, ^80 

r, ^tbSB^«*a55 3« % teffls^togc 7 b co^ffi 7 3 ic 

JfflE^tbSa*, llM^y^sii, #4ffi7 3KlJ&o 
T0 1 0(OT^rt-tt-5o *-©7fc«\ ?i5a|l, — fflj^ 
ttJgB7 b»¥ffi7 0 b^ftK, Jfig^R3<D#-S£ifjBE 
U SSJMtt, 2, 3<DPtfH5£i¥BE£ 

[0 10 7] iffigkS«2 N 3t#7'PS'^5, 7 

ihi tt <D®m&R xm&m& sra«: u-cifeiatt & ss * -c v > 
mm^. m&&4 t*i/8 b&m—<DffxjjHi\bti:ox 

[0 10 8] m3mmmm) mi i\z*&m<Dm3n 

i o m 1 1 *k > 21,31 h:^p& 

bT*>5, *fc, 011^ ±m&imMBi&bm-& 

[oio9] *nmmwi<r>m 1 scsa^o ^ * 5 01 

t) ic % =r j*-$>s**#i$ a> £ 5 5jM£SB*t 1 4 flESB 
*tt LT«v>f>tt-cv>5. rrr, JfjESW 1 4 «\ m 
lifc$ft:/i3 j/^ 5Sr0i 1 »cT±*a^T*^$x.«- 
tt 5» 1 }f JEgftft Hai, Sg 1 y 9 5 £0 1 

1 ^T**^f>£^ff $x.f=trt5)^*^com2«'ff 
SMtl 4 b ta*bfc-5. 

[o 1 1 o] ^ms^ic^vN-cfc, eain-r^i?8 
e^mic, tE.mbmm<om&L&#mz.&tftit£. ±mm 

(^4HlS^ffi) 01 2^^^W^4HJ6^ffi»^5 



^^glOOli, JilH0 4fc^Lfc^«:^ei:|^ 
-»<O^S«2, 3 <ORB 1 Sr&A, 

[Olli] ±IB0 4lc^L.7 v c^lHiS^ffiw 

^{fc&fi-Ctt, S«#:4is«E@§r^-l'7'-C&aroi^ 
LT, *^lfi^«§-CttS«^4Sr«ie#^-r7'i: LTbfc 
r^as^fcsfci^-rfcs, iot, S«flE4 mparts 

Wm'<? — ^2 1, 3 l(D^il^:2 lc ( 31 cWJggg 

L-Ci^-So EiT. itLt, 0 4 r^fc: 
o^TiE^ m-tofttXm 1 2 tp, |^— flF^fcttLTlfc 

[0112] *Hife?gffifc*JV^-C«:, v 9 7 

a, s-&SB7at, r<os-&gB7 a ^p>^ai-5^me6 
7 b «fc«j«j£3*L-cv^as, f^m^mm^7 

d <DW\m?& 7 1 d jJSJ^fig$n^ttlg6 7 b £^ 1 CO^tiJ 
SB 7 b b-tZ> 0 Sfc, ^"&gB7 a ^P>^iro^ffl*B7 b 
fcl^— ^l^ll-^ttl-t-^i: 1 -*i^8 ^«-&$n-B^ 
7 c tfSJgj£;**l7t3ifcHSB 7eSr^2 <05?tBS5 7 eb 

[0 113] -eUT, JftSP^o v ? 7 l-*J*t5»-&SB7 
a i: m 1 <0?5aSgB 7 b t £T 2 CD3£fijg8 7 e tJcJ: ►) 
tLisgF-BjJ^ S«^4*5ifA$tt5Iiage7 2 t LtisK 

2 Id** L-C, n ^ ^ 7 COS-^gC 7 a WJpffi 7 0a 

(@12t>©±*) d»P>ifA$n. J6^S«2© 
^-E2J^*pyn y ^ 7C)5F® 7 o a t-SKteb-cffiB^tt 

[0114] **JS^fii-c«;, miift^ci s,^ 

5 VSM?™ y if 7 (0|?UigB 7 b ©spffi 7 0b 

»->Et(6j^-5^ffi5 a «\ ftayn^^7©¥ffi7 0bK 
S^b-CiJl?, — JftSP^o -/^ 7<OS-&gB7 a 
S7 0 a ^(6]-r^^ffi5 bti, ie«SS«3<0^tSi:S 
^L■rV^5o ^ro^lftf^^Ci y;}' 5f±, HflgB7 2|JlS 

«#4£ffliA, ffiBL7bS. SiM^o 5 

5 b tft^P^ 7<D¥ffi7 0 a t<OHfcS«»:4 £ 

^tpJ:5l-s DOSS 7 2|£*f A£*b£o 

[0115] -t it> Jiiami^ife^ffit^^, @S£ 

giJ*tt LT0^2St^oy:5' (JfJBEgU«-) 6*lf*S? 
(5:«pg5«-) 8KJ;oT\ IglSc^^oy^SO^iBS 

^ 1 M^o v 9 5 tt, ;/ ^ 7 <O0 1 (O^tUgg 

7 a#f6il;:}?BE3*K ^ KO^ttJgg 7 a Ic^fife L"C^ 

tt, 8<OifA*r^J-l¥BE$tl-S«#:4 
gB 7 2 KTEES-f-S. 

[0116] frmMfcrnzts^xi). 0/tlt 
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&£«2, 3b<Dmkftffi. &tF, mitkl&-7v-y? 5 

«f»-s l&&&«3cDfl-ffi;a>e>j&i;&f&?'cis'*5 > ftip 

[0117] i*5I l 2 te^i-¥^#36B ioo 
V^Ttt, S«^4©Bflg?7 2 ^oSA«Flc*iH--5i^^c 
y*5, 7|r«t5<5@^<Z)^*Sr6*V^T:tt, -bfS^lH 

S«^4fflJ(Ort«i^5ft2S7 o d t mU8t b ft 5 X 

5 i-gflsfEss 7 i d (om^wtm-rnti. jbissg 1 mmm 
[oils] msnmmm) b^zx. ±mmimm 

10 0 <O«EB&»rS]1gj&$:0 l 3 ic^-To 

[0 119] iiMftl, tfLtk&5, 7JC6fflC0DflgB7 
2 Sr^tf. 3-0088 7 2 4 A L 

5„ lit, @56SMm, miiSr^cj i/^ 5 Sr^-UT 
S«^4SrElg?7 2KJEE^3fc«>©S&2;fifci&7'a j,* 

(*Pffig8#-) 6t > r<Dm2ifcfR^Os' 2 7 6^^LT^ 

h 2 OSrScSfctts, 7^@^t-57fc»0^^8 (3lJ$SB 
«■) i:Sr#L.TV^. 

[0 12 0] T'l/— H20IJ. S^ttO— ffifribm— 
Jj!Zl\Z&m-rzm#;<09i&&2 0 a, 2 0b^tt5„ 

&&2ffifc7x2 6©5*.'M< t <> lo (0 
^M-CttSlSWp^iOtp^liS) fctt, ±12^ ^8^ 

±B5(-ttA/^-f KSB 6 dim&Ztl. 5t6 a O 

* v?5t 7 c asjgjfc $ ttT V * 5 . 
[0121] Lf, T'U— h 2 0 tt, 013 ^^"T«l 
l-> T'L — h2 0 IC^fig^ttfeMaJtl-^^S A 
U »A/'P0^2»fK^'D 6<0?t6 a SriiLTi^^l 
T'o 7|C^v7^-g-$tVCV^5. rott, r/l^— h 
2 0 OS^jggB 2 0 a *:<T>9t%m&tt<r>% 2 
o y * 6©^ KSB6 c Ktt«>jiS*tT@j£;*;fV * 
fc, ^jggB2 0 btt, *<r>9cmm>>*£:<nit'< KSB6 d 

Sr, *v?8<Djf A^r&Ucjfffi-ra. 



[0 12 2] ^i?8©^^-&lv:J:iJ, 3®(0^2«cSi 

6tt^v?8©i¥A*[6l^ifBE$tt5fcJe), 
imfcfv 6tt, ^1»^d 5 Sr^LT, Pi 
(BSO— »OS«#4 SrGflgB7 2 icfiEtt&'tirS r k 

[0123] **5 X »«#4 £ 2 »:5G:tfcfc:SB-r54t£- 
ffie®«K£C/cffia&WLJ.ote*coS&2ifcfe& 

■7a 6\ZLttl^xW $^fflO^®S52 0 a, 2 0 b £ 
Wt57-l/- h 2 0 &&m-ttit££i<\ ^©ti^-fc, J: 
IEB11 3<D«fiE{cS<J»t« N 'P*£<b\>im<r>m2lj!tm 

<om2tkm7a *9 6 Srl5®gB2 o a fcrffff "T 5 J; 5 

[0 12 4] /l/-h2 Ott, ^^8ldJ;tJ«Cl» 

flt5 s 7{C*5ft6JftSl^D 7(D^gBICT, T'l^ 

h20 b&mzfv s>? 7 b&?V y^lcti^tSJ: 

®Sr^ 1 St^y d y ^ 5 Sr^- UT^*pyc y ^ 7 — b , 
^S-SfitBtt, S^Se^fe, 8, l 4<c± ijJfJESttrv^ 

»^«-9Sr^-fe$-ar-r, af*^S:5i«L, «fc »} ilSVM^ 
[0iScDfS!*>5:IiiK] 

[0 2] 01OA^S@tfe3. 

[03] 02 cDB-BBfffi[a-e;fe£„ 

[04] 0 3<Og83)-ffi^:0-Cfc5„ 
[0 5] ±|E01^v^L04^-rS««c<o^»«g^Sr 
^-T0-e$>s o 
[0 6] 

[0 7] *«W^«5?g»«-<Offi^<O^SSr^-r0xfc 
t), (a) tt&l<03MSu (b) fim2 <O^Wl*7*-* 0 

[0 8] -tfE«;e*t<o«*<o#©£^-r0-efc«K 

(a) (b) Bl3©m (c) Xt5 (d) tt^ 

[0 9] i|E®««-Wg*O^eSr^-r0X&9, 
(a) 75^ (d) tt®4(0^e<D^-MSr^-f-o 
[010] *«W<0^2HigJgflU^i^«:^es r ^ 

[011] #&W»$g3HiS?£©|^;3^ft^B£* 
-r0t?S>5. 
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[012] *&m<of$4mmi&mzm5*m&mmv>®. 
mm wm& & m-r 0 -e & 3 «, 

[0i3] *&m<om5mmmii§tK&kz¥mftmm<nM 
psgf sr^-r 0 -e & 5 . 

[«h§-©kw] 

*l»*&yps'*\ 5 a •• -glftlHC/ci y f <0&tiiU*t 
faffi, 6-12^/03;^, 7— ftttfr/P y^, 7 a 



(mi©^ttlS6) % 7 1 a •iftiPr/p s^^Efctt 

as. 7d-ftitxR, 7 o a •••ftttaE&osfttt, 71 

d • Jft^gSOffJSK^ 7 e -Jfcai^n y * com 2 co^ 

tags, 8 9 9 « 

-OflSB, 9 1b-m 9 2 b • -ScfByf „ 



[01] 



[0 6] 



4 | . 100 





5 7 



B A 



[0 2] 

TOO 
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l®3] 




la lb lib 34 31 3ia 
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[012] 




